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(54) Cellular radio system with simulcast transmission of delay-adjusted downlink signals to 
mobiles via adjacent base stations 



(57) In a cellular radio communication system, a 
downlink signal is multicast from a cental station and 
multiple base stations receive the multicast downlink 
signal via transmission links and respectively transmit 
the downlink signal on radio waves of same frequencies 
so that a cluster of adjoining areas is illuminated with 
the radio waves. A mobile station having a tapped-delay 
line equalizer receives signals from the base stations 
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via multipath fading channels and equalizes the 
received signals. Interference between the transmitted 
signals is avoided by adjusting the relative propagation 
delay times of the transmission links so that the signals 
received by the mobile station occur within the tapped- 
delay line length of the equalizer. 
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Description 

The present irrvention relates generally to cellular 
radio communication systems, and more specifically to 
a technique for expanding the coverage by multicasting 
a downlink signal to a plurality of base stations. 

In a cellular radio communication system, the usual 
method of covering a large ceil is to provide high power 
transmission from a high-tower antenna. However, the 
installation of such high-power base stations may not 
necessarily represent the kjest solution in remote fringe 
areas where the coverage does not fit their geographic 
contour. In addition, the transmrsssion power of a base 
station is limited so that the power of reception at users 
near the base station may not be too strong. As an alter- 
native, a plurality of base stations simply designed to 
serve as low-power relay stations are respectively 
installed in separate areas and a downlink signal from a 
central station is multicast on a single radio frequency 
from the t>ase stations simultaneously. However, the 
transmission power levels of the base stations and their 
locations must be such that there are dead spots 
around each cell to avoid interference between the mul- 
ticast signals. Although advantageous from the fre- 
quency savings point of view, the prior art solution is not 
appropriate for areas where traffic demand is high and 
cells must be clustered, allowing no dead spots. 

It is therefore an object of the present invention to 
provide a cellular radio communication system which 
allows mufticasting of a signal over a plurality of adjoin- 
ing cells using the same radio frequency. 

According to the present invention, there is pro- 
vided a cellular radio communication system comprising 
a central station for multicasting a downlink signal, a 
plurality of base stations for receiving the multicast 
downlink signal via transmission links and respectively 
transmitting the downlink signal on radio waves of same 
frequencies so that a plurality of adjoining areas are illu- 
minated with the radio waves, and a mobile station 
including a tapped-delay line equalizer for receiving sig- 
nals from the base stations via multipath facfing chan- 
nels and equalizing the received signals. For proper 
operation of the equalizer, delay adjusting means are 
provided for adjusting the relative propagation delay 
times of the transmission links so that the signals 
received by the mobile station occur within the tapped- 
delay line length of the equalizer. 

According to one specific aspect of this invention, 
the central station comprises a multiplexer for multiplex- 
ing the downlink signal with a pilot signal and transmit- 
ting the multiplexed signal to the transrrussion links, and 
each of the base stations comprises a demultiplexer for 
demultiplexing the signal from the corresponding trans- 
mission link into the downlink signal and the pilot signal, 
a phase-locked loop including a voltage-controlled oscil- 
lator for producing a radio frequency carrier, a fre- 
quency divider for dividing the frequency of the carrier, 
a phase comparator for comparing the pilot signal from 
the demultiplexer and the output of the frequency 



divider, and a lowpass filter for filtering the output of the 
phase comparator to produce a control signal for the 
voltage-controlled oscillator, and a transmitter for modu- 
lating the downlink signal from the demultiplexer onto 
5 the radio frequency carrier from the voltage-controlled 
oscillator. 

According to another specific aspect, the transmis- 
sion links are optical transmission mediums and the 
central station comprises a transmitter for modulating 

10 the downlink signal onto a radio frequency carrier, and 
an electrooptical converter for converting the modulated 
carrier to an optical signal and transmitting the optical 
signal to the transmission links. Each of the base sta- 
tions comprises an optoelectrical converter for convert- 

75 ing the optical signal from the corresponding 
transmission link to an electrical signal, and a power 
amplifier for amplifying the electrical signal for radio 
transmission. 

The present invention will be described in further 

20 detail with reference to the accompanying drawings, in 
which: 

Rg. 1 is a block diagram of a cellular radio commu- 
nication system according to one embodiment of 

25 this invention; 

Fig. 2 is a schematic illustration of a cluster of mutu- 
ally adjoining cells in which the base stations of this 
invention are respectively located; 
Rg. 3 is a block diagram of a modification of Rg. 1 

30 in which the delay circuits are provided in a central 
station; 

Fig. 4 is a block diagram of a cellular radio commu- 
nication system according to a further modification 
of this invention; and 
35 Rg. 5 is a tMock diagram of a modification of Rg. 4 
in which the delay circuits are provided in the cen- 
tral station. 

Referring now to Rg. 1 . there is shown a cellular 

40 radio communication system according to one embodi- 
ment of the present invention. In the system, a central 
station 10 and a plurality of remote base stations 11,12 
and 13 connected to the central station via coaxial 
cables 14. 15. 16, respectively, to cover a cluster of 

45 mutually adjoining cells 11 A, 12A ax\6 13A (Fig, 2). At 
the central station, downlink information signal is con- 
verted to a coded signal by a channel coder 20 to permit 
error correction of the signal at the receive site. The out- 
put of channel coder 20 is fed to a multiplier 21 where it 

50 is multiplexed with a pilot signal from an oscillator 22. 
The multiplexed signal is transmitted from the central 
station to remote base stations 11, 12. 13 via the 
respective transmission links. 

At base station 1 1 . the multiplexed signal is applied 

55 through a variable delay circuit 30-1 to a demultiplexer 
31-1 where the signal is demultiplexed into the coded 
information signal and the pilot signal. The pilot signal 
from the demultiplexer 31-1 is supplied to a phase com- 
parator 32-1 for phase comparison with the output of a 
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frequency divider 35-1. The high frequency component 
of the output of phase comparator 32-1 is removed by a 
lowpass filter 33-1 . The filtered signal is used to drive a 
voltage-controlled oscillator 34-1 to produce a radio fre- 
quency carrier. The frequency divider 35-1 divides the 5 
carrier frequency so that its output is equal to the fre- 
quency of the pilot signal. The carrier frequency is 
therefore maintained constant when the frequency 
divider output is phase locked to the pilot signal by the 
closed-loop feedback operation. The coded signal from 10 
the demultiplexer 31-1 is modulated in a transmitter 36- 
1 onto the radio frequency carrier from the VCO 34-1 
and power-amplified and applied to an antenna 37-1 for 
transmission. 

Similar processes proceed in base stations 12 and is 
13. At each of these base stations, the multiplexed input 
signal is passed through variable delay circuit 30-2 (30- 
3) and separated into the coded information signal and 
the pilot signal by demultiplexer 31-2 (31-3) and the 
coded signal is modulated onto a radio frequency car- 20 
rier produced by VCO 34-2 (34-3) and transmitted from 
antenna 37-2 (37-3). The carrier frequency is main- 
tained constant by phase-locking the output of fre- 
quency divider 35-2 (35-3) to the pilot signal through 
phase-locked loop. Therefore, the downlink signal is 25 
transmitted from all the base stations on carriers of the 
same frequency. 

Within a cluster of cells 11 A. 12A. 13 A, a mobile 
subscriber station 1 7 receives signals from one or more 
of these cell sites. Subscriber station 17 includes a 30 
receiver 41 that feeds the baseband component of the 
signal detected at antenna 40 to a channel decoder 42 
where the original information signal is detected from 
the coded signal. The output of channel decoder 42 is 
supplied to an equalizer 43. If the subscriber station 17 3S 
is close to one of the base stations, the strength of the 
received signal is so strong that no interference from the 
other base stations exists. If the subscriber station 1 7 is 
at or near the boundary between adjoining cells, receiv- 
ing signals from antennas 37-1 arxl 37-2, for example, 40 
via transmission paths 18 and 19 as illustrated in Fig. 1. 
these signals are of substantially equal intensity and 
interference results. However, one of these signals is 
canceled by the equalizer 43 since the transmission 
paths 18 and 19 can be treated as multipath fading 45 
channels. 

One example of equalization is by the use of a deci- 
sion feedback equalizer formed by tapped delay-line fil- 
ters, or transversal filters. For proper operation of the 
equalizer, the maximum time difference between any of so 
multipath fading channels must be smaller than the 
delay-line length of the equalizer. This is achieved by 
adjusting variable delay circuits 30-1 , 30-2 and 30-3 to 
reduce the differences between the propagation delays, 
or lengths of coaxial cables 14,15 and 1 6 from the cen- ss 
tral station 10. 

For full-duplex operation, uplink paths must be pro- 
vided in the system However, since interference occurs 
only between downlink signals at the subscriber station. 
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the uplink paths of the system are omitted for simplicity. 

For ease of adjustment of the delay circuits 30-1 to 
30-3. these delay circuits are preferably provided in the 
central station 10 as shown in Fig. 3 between the output 
of multiplexer 21 and the respective transmission links 
14, 15. 16. 

The transmission links may be optical links. Fig. 4 
shows a modified embodiment of this invention using 
optical fibers 14A. 15A. 16A for connecting the central 
station 10A to base stations 1 1 A. 12A and 13A. To take 
advantage of the broad bandwidth of optical links, the 
central station includes a transmitter 51 that modulates 
the output of channel coder 50 onto a radio frequency 
carrier from oscillator 52. The up-converted signal from 
transmitter 51 is fed to an electro-optical converter 53 
where it is converted to an optical signal and launched 
into an optical fiber 54 and transmitted through optical 
links 14 A. 15Aand 1 6A to base stations 11 A, 12 A. 13 A. 
Input optical signals from links 14A, 15A. 16A are con- 
verted to electrical signals by opto-electrical converters 

60- 1. 60-1. 60-2, delayed by respective variable delay 
circuits 61-1. 61-2, 61-3 and amplified by power amplifi- 
ers 62-1 . 62-2, 62-3 and fed to antennas 371 , 47-2 and 
37-3 for transmission. In a manner similar to the previ- 
ous emtxxJiment, variable delay circuits 61-1 . 61-2 and 

61- 3 are adjusted so that the maximum time difference 
between any of multipath fading channels from anten- 
nas 37-1. 37-2, 37-3 to the mobile station 17 is smaller 
than the delay-line length of the equalizer of the mobile 
station. 

As shown in Fig. 5. delay circuits 60-1 to 60-3 may 
be provided, for delay adjustment purposes, in the cen- 
tral station 1 0A between the output of transmitter 61 and 
a plurality of electrooptical converters 53-1 to 53-3 
which are connected to the respective transmission 
links 14A. 15A, 16A. 

Claims 

1 . A cellular radio communication system comprising: 

a central station for multicasting a downlink sig- 
nal; 

a plurality of base stations for receiving the 
multicast downlink signal via transmission links 
and respectively transmitting the downlink sig- 
nal on radio waves of same frequencies so that 
a plurality of adjoining areas are illuminated 
with the radio waves; 

a mobile station including a tapped-delay line 
equalizer for receiving signals from said base 
stations via multipath fading channels and 
equalizing the received signals; and 
means for adjusting relative propagation delay 
times of said transmission links so that the sig- 
nals received by the mobile station occur within 
the tapped-delay line length of said equalizer. 

2. A cellular radio communication system as claimed 
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in claim 1. wherein said central station comprises a 
multiplexer for multiplexing the downlink signal with 
a p!iot signal and transmitting the multiplexed signal 
to said transmission links, and wherein each of said 
base stations comprises: 

a demultiplexer for demultiplexing the signal 
from the corresponding transmission link into 
the downlink signal and the pilot signal; 
a phase-locked loop including a voltage-con- 
trolled oscillator tor producing a radio fre- 
quency carrier, a frequency divider for dividing 
the frequency of the carrier, a phase compara- 
tor for comparing the pilot signal from the 
demultiplexer and the output of the frequency 
divider, and a lowpass filter for filtering the out- 
put of the phase comp>arator to produce a con- 
trol signal for said voltage-controlled oscillator: 
and 

a transmitter for modulating the downlink signal 
from the demultiplexer onto the radio frequency 
carrier from the voltage-controlled oscillator. 
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in claim 6, wherein said adjusting means comprises 
a plurality of variable delay means each being con- 
nected between the optoelectrical converter and 
said power amplifier of each of said base stations. 

A cellular radio communication system as claimed 
in daim 6 or 7, wherein said adjusting means com- 
prises a plurality of variable delay means connected 
to the output of said transmitter and wherein a plu- 
rality of said electrooptical converters are provided 
for converting the output signals of the variable 
delay means to a plurality of optical signals and 
respectively transmitting the optical signals to said 
transmission links. 



3. A cellular radio communication system as claimed 
in claim 2. wherein said adjusting means comprises 25 
a plurality of variable delay means connected 
between the corresponding transmission links and 
the demultiplexer of each of said base stations. 



4. A cellular radio communication system as claimed 30 
in claim 2 or 3, wherein said adjusting means com- 
prises a plurality of variable delay means connected 
between the multiplexer of said central station and 
said transmission links. 

35 

5. A system as claimed in daim 2, 3 or 4, wherein said 
transmission links comprise electrical transmission 
mediums. 



6- A system as claimed in any one of daims 1 to 5, 4o 
wherein said transmission links comprise optical 
transmission mediums and said central station 
comprises: 



a transmitter for modulating the downlink signal 45 
onto a radio frequency carrier; and 
an electrooptical converter for converting the 
modulated carrier to an optical signal and 
transmitting the optical signal to said transmis- 
sion links, 50 

wherein each of said base stations com- 
prises: 

an optoelectrical converter for converting the 
optical signal from the corresponding transmis- 
sion link to an electrical signal: and 55 
a power amplifier for amplifying the electrical 
signal for radio transmission. 



7. A cellular radio communication system as claimed 
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(54) Cellular radio system with simulcast transmission of delay-adjusted downlink signals to 
mobiles via adjacent base stations 



(57) In a cellular radio communication system, a 
downlink signal is multicast from a cental station and 
multiple base stations receive the multicast downlink 
signal via transmission links arKf respectively transmit 
the downlink signal on radio waves of same frequencies 
so that a cluster of adjoining areas is illuminated with 
the radio waves. A mobile station having a tapped-delay 
line equalizer receives signals from the base stations 



via multipath fading channels and equalizes the 
received signals. Interference between the transmitted 
signals is avoided by adjusting the relative propagation 
delay times of the transmission links so that the signals 
received by the mobile station occur within the tapped- 
detay line length of the equalizer. 
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